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and two nonlinear soil materials were incorporated in the dynamic solutions. 
Simple triangular airblast loads with peak overpressures of 500 to 1500 psi 
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the dynamic solutions. 


Dynamic free-field solutions were obtained using the triangular airblast loading 
waveforms and the two nonlinear soil materials, and also for certain variations 
to the soil parameters. A simplified method for determining loads on buried 
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the soil structure interaction modal loads to arrive at a simplified method of 
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INTRODUCTION 


This portion (Volume II) of the final report for IITRI Project J6378 
entitled "Theoretical Investigation of Loads on Buried Structures" contains the 
results from 36 dynamic loading finite element cases. These solutions were 
obtained from modifications to the SAMSON computer program and a postprocessor 
program that generated the tables and GOULD plots contained herein. Table IV in 
Volume I gives the important parameters that were varied for each of the cases. 
Note that the results for case 5 are given in Volume I in tables V through VII 
and figures 20 through 29. The case 5 tables and figures were used to describe 
in detail the results that were generated for each case. Case 5A results are 
given in this volume and this case is the same as case 5, except no material 
damping was used for case 5A; i.e., damping parameters by through b, were taken 


as zero. 


The results for each of the 36 cases are grouped together with the tabulated 
results presented first followed by the plotted results. For each case, there 
are four pages of tables and 48 plots. Section III.3 of Volume I contains a 
detailed discussion of the data presented in the tables and plots for each solution. 


The tables and plots for each case consist of: 


. Table of Minimum and Maximum Nondimensional Liner Force Resultants (T,M,V) 


and SSI Stresses (0,1997T 9) 


. Table of Minimum and Maximum Fourier Modal Amplitudes of Nondimensional 


Liner Force Resultants (T,M,V) and SSI Stresses (0.1 T 9) 


. Table of Comparison of Modal History Approximation with SAMSON solution 
history (Input Variable) 


. Plots of Minimum and Maximum Nondimensional Liner Thrust, Moments and Shear 


around the Tunnel Liner 


. Plots of Minimum and Maximum Nondimensional SSI Radial, Circumferential and 


Shear Stress Variation around the Tunnel Liner 


. Nondimensional Tunnel Liner Thrust History, Modes 0 through 6 





- Nondimensional Tunnel Liner Moment History, Modes 0 through 6 

- Nondimensional Tunnel Liner Shear history, Modes 1 through 6 

- Nondimensional SSI Radial Stress History, Modes 0 through 6 

- Nondimensional SSI Shear Stress History, Modes 1 through 6 

- Nondimensional Tunnel Liner Thrust and Moment and SSI Radial Stress 
History at: 


- Crown 
- Springline 


- Invert 
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CASE 1 
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Lawrence Livermore Laboratory, P. 0. Box 808, Livermore, CA 
94550 
] ATTN: FCPRL 
Department of the Army 
Director, BMD Adanced Tech Ctr, Huntsville Office 
P. 0. Box 1500, Huntsville, AL 35807 
] ATTN: CRDABH-S 
1 ATTN: 1CRDABH-X 
Program Manager, BMD Program Office 
1300 Wilson Blvd., Arlington, VA 22209 
1 ATTN: CRDABM-NE 
Commander, BMD System Command 
P. 0. Box 1500, Huntsville, AL 35807 
] ATTN: BDMSC-TEN Noah J. Hurst 
Director, Construction Engineering Research Laboratory 
P.O. Box 4005, Champaign IL 61820 
1 ATTN: CERL-SL 
Dep Chief of Staff or Rsch Dev & Acq 
Dept of the Army, Washington DC 20310 
] ATTN: DAMA(CS) 
] ATTN: Technical Library 
Chief of Engineers, DOA 
Forrestal Bldg., Washington DC 20314 
] ATTN: DAEN-MCE-D 
1 ATTN: DAEN-RDM 
Deputy, Chief of Staff for Ops & Plans 
DOA, Washington, DC 20310 
] ATTN: Technical Library 
1 ATTN: Dir of Chem & Nuc Ops 
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Chief, Engineer Strategic Studies Group 
6500 Brooks Lane, N.W., Washington DC 20315 
1 ATTN: DAEN-FES LtC Hatch 


Commander, Harry Diamond Laboratories 
2800 Powder Mill Rd., Adelphi, MD 20783 
] ATTN: DRXDO-TI Tech Lib 
1 ATTN: DRXDO-NP 


Commander, Picatinny Arsenal 
Dover, NJ 07801 
] ATTN: Technical Library 


Commander, Redstone Scientific Information Center 
U. S. Army Missile Command 
Redstone Arsenal, AL 35809 

1 ATTN: Chief, Documents 


Commander, U. S. Army Armament Command 
Rock Island, IL 61202 
1 ATTN: Tech Lib 


Director, U. S. Army Ballistic Research Labs 
Aberdeen Proving Ground, MD 21005 

] ATTN: W. Taylor 

] ATTN: DRXBR-X Julius J. Meszaros 

2 ATTN: Tech Lib, Edward Baicy 





Commander, U. S. Army Comb Arms Combat Dev Acty 
Ft Leavenworth, KS 66027 

1 ATTN: LTC G. Steger 

] ATTN: LTC Pullen 


Commander, U. S. Army Communications CMD 
Fort Huachuca, AZ 85613 
1 ATTN: Technical Library 


Commander, U. S. Army Engineer Ctr 
Fort Belvoir, VA 22060 
] ATTN: ATSEN-SY-L 


Division Engineer, U. S. Army Engineer Div Huntsville 
P. 0. Box 1600, West Station, Huntsville, AL 35807 
1 ATTN: HNDED-SR 


Division Engineer, U. S. Army Engineer Div Ohio River 


P. 0. Box 1159, Cincinnati, OH 45201 
] ATTN: Technical Library 
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Copies 
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Commandant, U. S. Army Engineer School 
Ft. Belvoir, VA 22060 

ATTN: ATSE-TEA-AD 

ATTN: ATSE-CTD-CS 


Director, U. S. Army Engr Waterways Exper Sta 
P. 0. Box 631, Vicksburg, MS 39180 

ATTN: John N. Strange 

ATTN: Techical Library 

ATTN: Guy Jackson 

ATTN: Leo Ingram 

ATTN: William Flathau 

ATTN: James Ballard 


Commander, U S Army Mat & Mechanics Rsch Ctr 
Watertown, MA 02172 
ATTN: Technical Library 


Commander, U S Ariny Materiel Dev & Readiness Cmd 
5001 Eisenhower Ave., Alexandria, VA 22333 
ATTN: Technical Library 


Commander, U S Army Missile Command 
Redstone Aresenal, AL 35809 
ATTN: DRSMI-XS Chief Scientist 


Commander, U S Army Mobility Equip R&D Ctr 
Fort Belvoir, VA 22060 
ATTN: Technical Library 


Commander, U S Army Nuclear Agency 
Ft. Bliss, TX 79916 
ATTN: Tech Library 


Commandant, U S Army War College 
Carlisle Barracks, PA 17013 
ATTN: Library 


Department of the Navy 


Chief, Naval Operations, Navy Dept. 
Washington, DC 20350 

ATTN: Code 604C3 Robert Piacesi 
ATTN: OP 0O3EG 

ATTN: OP 981 

ATTN: OP 982 
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Department of the Navy, cont'd. 


No. of 
Copies 
Chief, Naval Research, Navy Dept. 
Arlington, VA 22217 
] ATTN: Code 464 Jacob L. Warner 
] ATTN: Technical Library 
] ATTN: Nicholas Perrone 
] ATTN: Code 464 Thomas P. Quinn 
] ATTN: John Haycock 
Officer-in-Charge, Civil Engineering Laboratory 
Naval Construction Battalion Center, Port Hueneme, CA 93041 
] ATTN: R. J. Odello 
] ATTN: Technical Libray 
] ATTN: Stan Takahashi 
Commander, Naval Electronic Systems Command 
Naval Electronic Systems Cmd Hq, Washington DC 20360 
1 ATTN: PME 117-21A 
Commander, Naval Facilities Engineering Command Hqs 
Washington DC 20390 
] ATTN: Technical Library 
Superintendent (Code 1424), Naval Postgraduate School 
Monterey, CA 93940 
] ATTN: Code 2124 Tech Rpts Librarian 
Commander, Naval Surface Weapons Ctr 
White Oak, Silver Spring, MD 20910 
J ATTN: Code WA501 Navy Nuc Prgms Off 
1 ATTN: Code WX21 Tech Lib 
Commander, Naval Surface Weapons Ctr 
Dahlgren Laboratory, Dahlgren, VA 22448 
] ATTN: Tech Lib 
President, Naval War College 
Newport, RI 02840 
] ATTN: Tech Lib 
Commander, Naval Weapons Ctr 
China Lake, CA 93555 
] ATTN: Code 533 Tech Lib 
Commanding Officer, Naval Weapons Evaluation Facility 
Kirtland Air Force Base, Albuquerque, NM 87117 
] ATTN: Tech Lib 
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Department of the Navy, cont'd. 


No. of 
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Director, Strategic Systems Project Office 
Navy Dept., Washington, DC 20376 
] ATTN: NSP-43 Tech Lib 


Department of the Air Force 


Commander, ADC/XP 
Ent AFB, CO 80912 
] ATTN: XPQDQ 
] ATTN: XP 


AF Geophysics Laboratory, AFSC 
Hanscom AFB, MA 01731 
1 ATTN: SUOL AFCRL Rsch Lib 


AF Institute of Technclogy, AU 
Wright-Patterson AFB, OH 45433 
] ATTN: Library AFIT Bldg 640 Area B 


AF Weapons Laboratory, AFSC 
Kirtland AFB, NM 87117 
ATTN: DES, M. A. Plamondon 
ATTN: DES, L. S. Melzer 
ATTN: SUL 
ATTN: DED 

2 ATTN: DES Capt Stanton A. Chang 


et oes es 


HQ, Air Force Systems Command 
Andrews AFB, Washington DEC 20331 
] ATTN: Tech Lib 


Commander, Armament Dev & Test Center 
Eglin AFB, FL 32542 
] ATTN: Tech Lib 


Commander, ASD 
WPAFB, OH 45433 
] ATTN: Tech Lib 


Commander, Foreign Technology Div, AFSC 
Wright-Patterson AFB, OH 45433 
] ATTN: TD-BTA Lib 


HQ USAF/RD 

Washington DC 20330 

ATTN: RDQRM Col S. C. Green 
ATTN: RDPM 

ATTN: RDPS LTC A Chiota 
ATTN: RDQPN Maj F. Vajda 


584 





Department of the Air Force, cont'd. 


No. of 

Copies 
Commander, Rome Air Dev Ctr, AFSC 
Griffiss AFB, NY 13440 

] ATTN: EMTLD Doc Library 


SAMSO/DE 
Norton AFB, CA 92409 
1 ATTN: DEB 


SAMSO/DY 

Post Office Box 92960 

Worldway Postal Ctr, Los Angeles, CA 90009 
] ATTN: DYS 


SAMSO/MN 

Norton AFB CA 92409 
] ATTN: MNNH 
] ATTN: MMH 











: 
SAMSO/RS 
P. 0. Box 92960, Worldway Postal Ctr, Los Angeles, CA 90009 
1 ATTN: RSS/Col Donald Dowler 





SAMSO/XR i 
P. 0. Box 92960, Worldway Postal Ctr, Los Angeles, CA 90009 
] ATTN: XRTB 


Commander in Chief, Strategic Air Command 
Offutt AFB, NB 68113 
1 ATTN: NRI-Stinfo Lib 


U. S. Energy Rsch and Dev Admin 


Division of Military Application 
US Energy Rsch & Dev Admin, Washington, DC 20545 
] ATTN: Doc Control for Test Office 


University of California, Lawrence Livermore Laboratory 
P. 0. Box 808, Livermore, CA 94550 
] ATTN: Tech Info Dept L-3 


Los Alamos Scientific Laboratory 
P. 0. Box 1663, Los Alamos, NM 87545 
] ATIN: Doc Control for Reports Lib 


Sandia Laboratories 
Livermore Laboratory, P. 0. Box 969, Livermore, CA 94550 
] ATTN: Doc Control for Tech Lib } 
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U.S. Energy Rsch and Dev Admin, Cont'd. 


No. of 
Copies 


Sandia Laboratories 
P. 0. Box 5800, Albuquerque, NM 87115 
ATTN: Doc Con for 3141 Sandia Rpt Coll 


U. S. Energy Rsch & Dev Admin 


Albu. Operations Office, P. 0. Box 5400, Albu., NM 87115 


ATTN: Doc Con for Tech Lib 


U.S. Energy Rsch & Dev Admin, Div of HQ Services 
Library Branch G-043 

Washington, DC 20545 

ATTN: Doc Con for Class Tech Lib 


U. S. Energy Rsch & Dev Admin 

Nevada Operations Office 

P. 0. Box 14100, Las Vegas, NV 89114 
ATTN: Doc Con for Tech Lib 


Dept of the Interior 

Bureau of Mines 

Bldg 20, Denver Federal Center, Denver, CO 80225 
ATTN: Tech Lib 


Dept of the Interior 

US Geological Survey 

345 Middlefield Rd., Menlo Park, CA 94025 
ATTN: Cecil B. Raleigh 

ATTN: J. H. Healy 


Department of Defense Contractors 


Aerospace Corporation 
P. Q. Box 92957, Los Angeles, CA 90009 
ATTN: Tech Info Services 


Agbabian Associates 

250 N. Nash St., El Segundo, CA 90245 
ATTN: M. Agbabian 

ATTN: Carl Bagge 


Analytic Services, Inc. 
5613 Leesburg Pike, Falls Church, VA 22041 
ATTN: George Hesselbacher 


Applied Thecry, Inc. 


1010 Westwood Blvd., Los Angeles, CA 90024 
ATTN: John G. Trulio 
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Copies 


Artec Associates, Inc. 
26046 Eden Landing Road, Hayward CA 94545 
ATTN: Steven Gill 


Avco Research & Systems Group 
201 Lowell Street, Wilmington MA 01887 
ATTN: Research Lib A830 Rm 7201 


Battelle Memorial Institute 
505 King Ave., Columbus OH 43201 
ATTN: Tech Lib 


BDM Corporation 
1920 Aline Ave., Vienna VA 22180 
ATTN: Tech Lib 


Ted Belytschko 
6304 No. Hiawatha Ave., Chicago IL 60646 
ATIN: Ted Belytschko 


Boeing Company 

P.O. Box 3707, Seattle WA 98124 
ATTN: R. H. Carlson 

ATTN: Aerospace Lib 

ATTN: Robert Dyrdahl 


Brown Engineering Co., Inc. 
Cummings Research Park, Huntsville AL 35807 
ATTN: Manu Patel 


California Institute of Technology 
1201 E. California Blvd., Pasadena CA 91109 
ATTN: Thomas J. Ahrens 


California Research & Technology, Inc. 
6269 Variel Ave., Woodland Hills CA 91364 
ATTN: Ken Kreyenhagen 

ATTN: Tech Lib 

ATTN: Sheldon Shuster 


Calspan Corporation 
P.O. Box 235, Buffalo NY 14221 
ATTN: Tech Lib 


Civil/Nuclear Systems Corp. 
1200 University Blvd., N.E., Albuquerque NM 87102 
ATTN: Tech Lib 
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Copies 
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Dayton, University of 

Industrial Security Super KL-505 

300 College Park Ave., Dayton, OH 45409 
ATTN: Hallock F. Swift 


University of Denver 

Colorado Seminary 

Denver Research Institute 

P. 0. Box 10127, Denver, CO 80210 
ATTN: Sec Officer for Tech Lib 


EG&G, Inc. 

Albuquerque Division 

P. 0. Box 10218, Albuquerque, NM 87114 
ATTN: Tech Lib 


Electric Power Research Institue 
3412 Hillview Ave., Palo Alto, CA 94303 
ATTN: George Sliter 


Engrg Decision Analysis Co., Inc 
2400 Michelson Dr., Irvine, CA 92715 
ATTN: R P Kennedy 





Franklin Institute 
20th Street and Parkway, Philadelphia, PA 19103 
ATTN: Zenons Zudans 


General Electric Co., TEMPO-Center for Advanced Studies 
816 State St., (P. 0. Drawer QQ), Santa Barbara, CA 93102 
ATTN: DASIAC 


General Research Corporation 
P. 0. Box 3587, Santa Barbara, CA 93105 
ATTN: Benjamin Alexander 


H-Tech Laboratories, Ind. 
P. 0. Box 1686, Santa Monica, CA 90406 
ATTN: B. Hartenbaum 


IIT Research Institute 

10 West 35th St., Chicago, IL 60616 
ATTN: Tech Lib 

ATTN: R. R. Robinson 


Institute for Defense Analyses 
400 Army-Navy Dr., Arlington, VA 22202 
ATTN: IDA Librarian Ruth S. Smith 
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Copies 
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J. H. Wiggins, Co., Inc. 
1650 S. Pacific Coast Highway, Redondo Beach, CA 90277 
ATTN: John Collins 


Kaman Avidyne, Division of Kaman Sciences Corp. 

83 Second Ave., Northwest Industrial Park, Burlington, MA 01803 
ATTN: Norman P. Hobbs 

ATTN: Tech Lib 

ATTN: E. S. Criscione 


Kaman Sciences Corporation 
P. 0. Box 7463, Colorado Springs, CO 80933 
ATTN: Library 


Karagozian and Case 
6330 N. Figueroa St., Los Angeles, CA 90042 
ATTN: John Karagozian 


Lockheed Missiles & Space Co., Inc. 
P. 0. Box 504, Sunnyvale, CA 94088 
ATTN: Tech Lib 


Martin Marietta Aerospace, Orlando Div 
P. 0. Box 5837, Orlando, FL 32805 
ATTN: G. Fotieo 


McDonnel Douglas Corp 

5301 Bolsa Ave., Huntington Beach, CA 92647 

ATTN: Robert W. Halprin 
| 
| 
| 
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Merritt Cases, Inc. 

P. 0. Box 1206, Redlands, CA 92373 
ATTN: Tech Lib 

ATTN: J. L. Merritt 


Newmark, Nathan M., Consulting Engineering Services 

1211 Civil Engineering Bldg, Rm BIO6A, Univ. of Illinois 

Urbana, IL 61801 

ATTN: Nathan M. Newmark 

ATTN: W. J. Hall 
ATTN: J. Haltiwanger 


Pacifica Technology 

P. 0. Box 148, Del Mar, CA 92014 
ATTN: R. Bjork 

ATTN: G. Kent 





Dept. of Defense Contractors, Cont'd. 


No. of 
Copies 
Physics International Co. 
2700 Merced St., San Leandro, CA 94577 
] ATTN: Doc Con for Tech Lib 
] ATTN: Doc Con for Coye Vincent 
R & D Associates 
P. 0. Box 9695, Marine Del Rey, CA 90291 
] ATTN: Jerry Carpenter 
1 ATTN: Henry Cooper 
] ATTN: J. G. Lewis 
] ATTN: Tech Lib 
] ATTN: R. J. Port 
Rand Corporation 
1700 Main St., Santa Monica, CA 90406 
1 ATTN: C. C. Mow 
1 ATTN: Tech Lib 
Science Applications, Inc. 
2201 San Pedro NE, Albuquerque, NM 87110 
1 ATTN: J. L. Bratton 
Science Applications, Inc. 
P. 0. Box 2351, La Jolla, CA 92038 
] ATTN: Tech Lib 
Southwest Research Institute 
P. 0. Drawer 28510, San Antonio, TX 78284 
] ATTN: Wilfred E. Baker 
] ATTN: A. B. Wenzel 
Stanford Research Institute 
333 Ravenswood Ave., Menlo Park, CA 94025 
] ATTN: Carl Peterson 
J ATTN: George R. Abrahamson 
Systems, Science and Software, Inc. 
P. 0. Box 1620, La Jolla, CA 92038 
] ATTN: Donald R. Grine 
J ATTN: Tech Lib ) 
] ATTN: J. Sweet 
Terra Tek, Inc. 1 
420 Wakara Way, Salt Lake City, UT 87108 
J ATTN: Tech Lib 
7 ATTN: Sidney Green 
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Copies 
: Tetra Tech, Inc. 

630 North Rosemead Blvd., Pasadena, CA 91107 

} ATTN: Tech Lib 
; 
TRW Systems Group 
I One Space Park, Redondo Beach, CA 90278 
1 ATTN: Tech Info Center/S-1930 

] ATTN: Peter K. Dai R1/2170 


ATTN: 


Norm Lipner 













TRW Systems Group, San Bernardino Operations 
P. 0. Box 1310, San Bernardino, CA 92402 
] ATTN: E. Y. Wong 527/712 


TRW Systems Group 
Room 712, Bldg 527, Norton AFB, CA 92409 
] ATTN: Gregory D. Hulcher 


Universal Analytics, Inc. 
7740 W. Manchester Blvd., Playa Del Rey, CA 90291 
1 ATTN: E. I. Field 


URS Research Co 
155 Bovet Rd., San Mateo, CA 94402 
] ATTN: Tech Lib 


Eric H. Wang Civil Engineering Rsch Fac, University Station 
Box 188, University of NM, Albuquerque, NM 87121 
2 ATTN: Jerry Berglund 


Weidlinger Assoc Consulting Engineers 
110 East 59th St., New York, NY 10022 
1 ATTN: Melvin L. Baron 


Weidlinger Associates Consulting Engineers 

Suite 245, 3000 Sand Hill Road, Menlo Park, CA 94025 
] ATTN: J. Isenberg 
] ATTN: F. S. Wong 





